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ABSTRACT
We report on the hard X-ray burst and the first ∼100 days NICER monitoring of the soft X-ray temporal
and spectral evolution of the newly-discovered magnetar Swift J1818.0−1607. The burst properties are typical
of magnetars with a duration of T90 = 10± 4 ms and a temperature of kT = 8.4± 0.7 keV. The 2–8 keV pulse
shows a broad, single peak profile with a pulse fraction increasing with time from 30% to 43%. The NICER
observations reveal strong timing noise with ν˙ varying erratically by a factor of 10, with an average long-term
spin-down rate of ν˙ = (−2.48±0.03)×10−11 s−2, implying an equatorial surface magnetic field of 2.5×1014 G
and a young characteristic age of ∼470 yr. We detect a large spin-up glitch at MJD 58928.56 followed by
a candidate spin-down glitch at MJD 58934.81, with no accompanying flux enhancements. The persistent
soft X-ray spectrum of Swift J1818.0−1607 can be modeled as an absorbed blackbody with a temperature of
∼ 1 keV. Its flux decayed by ∼ 60% while the modeled emitting area decreased by ∼ 30% over the NICER
observing campaign. This decrease, coupled with the increase in the pulse fraction points to a shrinking hot
spot on the neutron star surface. Assuming a distance of 6.5 kpc, we measure a peak X-ray luminosity of
1.9× 1035 erg s−1, lower than its spin-down luminosity of 7.2× 1035 erg s−1. Its quiescent thermal luminosity
is . 1.7× 1034 erg s−1, lower than those of canonical young magnetars. We conclude that Swift J1818.0−1607
is an important link between regular magnetars and high magnetic field rotation powered pulsars.
Keywords: pulsars: individual (Swift J1818.0−1607), stars: neutron — X-rays: stars — stars: magne-
tars
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21. INTRODUCTION
Magnetars are a class of isolated neutron stars that
manifest bright soft X-ray emission with LX ≈ 1031–
1036 erg s−1 and temperatures of ∼ 0.5 keV (see, e.g.,
Kaspi & Beloborodov 2017; Coti Zelati et al. 2018).
They occupy a unique place in the spin period versus
the spin-down rate parameter space. Their long rota-
tional periods of P = 2–12 s and fast spin-down rates
of P˙ = 10−13–10−11 s s−1, imply high equatorial sur-
face magnetic fields of ∼ 1014 G and small characteris-
tic ages (τc) of, typically, a few thousand years (Kaspi
& Beloborodov 2017). Given these temporal charac-
teristics, the low inferred rotational energy losses can-
not power magnetars’ bright X-ray emission. Instead,
they are believed to be powered by the decay of the
extremely strong external and internal stellar magnetic
fields (Paczynski 1992; Duncan & Thompson 1992).
Magnetars are highly variable X-ray sources. On short
timescales they show hard X-ray bursts that last few
hundred milliseconds. These can occur either in isola-
tion or forming a “storm” with hundreds of bursts emit-
ted within minutes to hours (Collazzi et al. 2015). Re-
cently, the magnetar SGR 1935+2154 entered such a
burst active episode (Palmer 2020; Younes et al. 2020b)
and emitted a fast radio burst simultaneous to one of the
X-ray bursts (Scholz & Chime/Frb Collaboration 2020;
Zhang et al. 2020). Following such bursting episodes,
magnetars often undergo an outburst during which the
persistent soft X-ray emission brightens by factors up
to ∼1000 (Coti Zelati et al. 2018). During outbursts,
their X-ray spectra often show evidence of additional
hotspots, of which the temperature and area decrease as
the X-ray flux decays over time (Rea et al. 2013; Coti Ze-
lati et al. 2015). Their spectral and temporal properties
usually relax back to quiescence within months to years.
We note that these magnetar-defining characteristics
have been observed in other classes of neutron stars such
as high magnetic field rotation powered pulsars (high-B
RPPs) (Gavriil et al. 2008; Archibald et al. 2016; Go¨g˘u¨s¸
et al. 2016), central compact objects (Rea et al. 2016),
and low-B magnetars (Rea et al. 2010). Moreover, the
canonical magnetar Swift J1834.9−0846 shows a wind
nebula, a trait of young RPPs (Younes et al. 2016). The
observational evidence of high thermal luminosities of
high-B RPPs suggests that they may eventually exhibit
magnetar-like behaviors (Kaspi & McLaughlin 2005; Ng
& Kaspi 2011; Hu et al. 2017). Finally, four magnetars
∗ JSPS International Research Fellow
† NASA Postdoctoral Fellow
(PSR J1622−4950, PSR J1745−2900, XTE J1810−197,
and 1E 1547.0−5408) have shown pulsed radio emission
during outbursts, with properties that are usually dif-
ferent than those of RPPs and other magnetars (Camilo
et al. 2007; Levin et al. 2010; Shannon & Johnston 2013).
These results blur the boundary between the different
classes of isolated neutron stars and perhaps hint at an
evolutionary link among them (Vigano` et al. 2013).
On 2020 March 12, the Burst Alert Telescope (BAT;
Barthelmy et al. 2005) on board the Neil Gehrels Swift
Observatory (hereafter Swift ; Gehrels et al. 2004) trig-
gered an alert by a magnetar-like burst from a previously
unknown source (Evans et al. 2020, the burst was also
detected with Fermi-GBM, Malacaria et al. 2020), now
named Swift J1818.0−1607 (hereafter Swift J1818). A
1.36 s period was then discovered with the first follow-up
observation with NICER. This suggested Swift J1818 is
a new fast-spinning magnetar (Enoto et al. 2020). The
periodicity was confirmed with radio observations and
a period derivative of P˙ = (8.16 ± 0.02) × 10−11 s s−1
was also reported. This initial timing solution implied
an equatorial magnetic field of 3.4×1014 G and τc = 265
yrs (Karuppusamy et al. 2020; Champion et al. 2020).
The distance is estimated from the dispersion measure
to be in the range of 4.8 to 8.1 kpc. In this study, we
assume a distance of 6.5 kpc.
We report on (1) the hard X-ray burst of Swift J1818
with Swift BAT observations and (2) the timing and
spectral evolution of Swift J1818 with NICER follow-up
observations. We describe the Swift BAT and NICER
observations and data reduction in Section 2. The prop-
erties of the hard X-ray burst are described in Sec-
tion 3.1. We introduce the timing analysis in Section 3.2.
The spectral properties and spectral evolution are de-
scribed in Section 3.3. Our interpretation of the ob-
served phenomena is discussed in Section 4 and summa-
rized in Section 5.
2. OBSERVATIONS
2.1. Swift BAT
The BAT triggered an alert at 21:16:47.328 UTC
on 2020 March 12 for a short burst located at R.A.=
18h 18m 00.2s and Decl.= −16◦ 07′ 52.3′′, which was re-
fined with prompt observation with X-Ray Telescope
onboard Swift. The on-board trigger occurred on an
8 ms timescale in the 15–50 keV band with a rate sig-
nificance of 24σ. The on-board calculated location was
R.A.=18h 17m 53s and Decl.= −16◦ 06′ 05′′ (Evans
et al. 2020). HEAsoft version 6.27 (HEASARC 2014)
and Swift BAT CALDB (version 20171016) were used
for the BAT data analysis. We use the raw counts (non-
3Table 1.
OBSID Start Time Exposure Count Rate kT Emitting Area Fluxa
(MJD) (s.) (cts/s) (keV) (km)
3201060101 58921.07 2536 1.60 ±0.03 1.04 +0.02−0.02 1.14 +0.05−0.05 3.79 +0.08−0.08
3556010101 58921.58 715 1.55 ±0.05 1.10 +0.05−0.04 1.03 +0.08−0.08 3.86 +0.13−0.13
3556010201 58922.10 536 1.49 ±0.06 1.05 +0.05−0.04 1.12 +0.10−0.09 3.86 +0.15−0.15
3556010202 58926.30 360 1.52 ±0.07 1.11 +0.06−0.06 1.03 +0.12−0.11 3.95 +0.18−0.18
3556010301 58927.40 1311 1.28 ±0.04 1.04 +0.03−0.03 1.05 +0.07−0.07 3.21 +0.10−0.10
3556010401 58928.37 2916 1.30 ±0.02 1.00 +0.02−0.02 1.14 +0.05−0.05 3.21 +0.07−0.07
3556010501 58929.06 4227 1.39 ±0.02 1.09 +0.02−0.02 0.99 +0.04−0.04 3.43 +0.06−0.06
3556010701 58930.22 3451 1.34 ±0.02 1.04 +0.02−0.02 1.06 +0.05−0.04 3.31 +0.06−0.06
3556010801 58931.46 1798 1.20 ±0.03 0.99 +0.03−0.03 1.11 +0.07−0.06 3.00 +0.08−0.08
3556010901 58932.09 3312 1.26 ±0.02 1.06 +0.02−0.02 1.00 +0.04−0.04 3.11 +0.06−0.06
3556011001 58933.83 1449 1.21 ±0.03 1.03 +0.03−0.03 1.02 +0.07−0.06 2.99 +0.08−0.08
3556011101 58934.34 2888 1.20 ±0.02 1.03 +0.02−0.02 1.03 +0.05−0.05 2.98 +0.06−0.06
3556011201 58935.84 2414 1.17 ±0.03 1.11 +0.03−0.03 0.88 +0.05−0.05 2.88 +0.07−0.07
3556011301 58936.67 2410 1.17 ±0.03 1.05 +0.03−0.03 0.98 +0.05−0.05 2.89 +0.07−0.07
3556011401 58937.58 2786 1.11 ±0.02 1.02 +0.02−0.02 0.99 +0.05−0.05 2.74 +0.06−0.06
3556011501 58938.35 1223 0.97 ±0.03 1.09 +0.05−0.05 0.83 +0.07−0.07 2.43 +0.09−0.09
3556011502 58939.52 2251 1.18 ±0.03 1.04 +0.03−0.03 0.98 +0.05−0.05 2.90 +0.07−0.07
3556011503 58940.56 2373 1.14 ±0.03 1.00 +0.03−0.03 1.05 +0.06−0.06 2.79 +0.07−0.07
3556011601 58942.49 3449 1.20 ±0.02 1.03 +0.02−0.02 1.03 +0.05−0.04 2.93 +0.06−0.06
3556011701 58944.57 2506 1.04 ±0.02 1.03 +0.03−0.03 0.96 +0.05−0.05 2.60 +0.06−0.06
3556011801 58947.21 2933 1.05 ±0.02 1.06 +0.03−0.03 0.90 +0.05−0.04 2.58 +0.06−0.06
3556012001 58953.86 1888 1.06 ±0.03 0.97 +0.03−0.03 1.07 +0.07−0.07 2.59 +0.07−0.07
3556012101 58953.92 1708 0.99 ±0.03 1.05 +0.04−0.04 0.89 +0.07−0.06 2.42 +0.08−0.07
3556012102 58956.06 734.1 0.80 ±0.05 1.10 +0.08−0.07 0.76 +0.10−0.09 2.06 +0.12−0.12
3556012201 58959.80 1742 1.30 ±0.03 1.12 +0.04−0.04 0.90 +0.06−0.06 3.16 +0.09−0.09
3556012301 58962.32 3552 0.86 ±0.02 1.07 +0.03−0.03 0.80 +0.04−0.04 2.12 +0.05−0.05
3556012401 58966.32 2362 0.94 ±0.02 1.08 +0.03−0.03 0.83 +0.05−0.05 2.30 +0.06−0.06
3556012501 58968.91 2148 0.85 ±0.02 1.11 +0.04−0.04 0.75 +0.05−0.05 2.13 +0.06−0.06
3556012601 58971.36 3580 0.91 ±0.02 1.09 +0.03−0.03 0.80 +0.04−0.04 2.25 +0.05−0.05
3556012602 58972.26 3978 0.85 ±0.02 1.10 +0.03−0.03 0.77 +0.04−0.04 2.11 +0.05−0.05
3556012701 58974.00 1839 0.85 ±0.03 1.04 +0.04−0.04 0.84 +0.06−0.06 2.10 +0.07−0.07
3556012801 58987.18 809.1 0.79 ±0.04 0.99 +0.06−0.05 0.90 +0.11−0.10 2.00 +0.10−0.09
3556012901 58989.89 3653 0.71 ±0.02 1.06 +0.05−0.04 0.74 +0.04−0.04 1.75 +0.04−0.04
3556013001 58993.13 1741 0.81 ±0.03 1.08 +0.05−0.05 0.75 +0.07−0.06 1.93 +0.07−0.07
3556013201 58998.99 783 0.67 ±0.03 1.05 +0.07−0.07 0.76 +0.10−0.09 1.76 +0.09−0.09
3556013202 58999.05 2346 0.80 ±0.02 1.01 +0.03−0.03 0.87 +0.06−0.05 1.98 +0.06−0.06
3556013301 59001.96 1825 1.06 ±0.03 1.05 +0.04−0.04 0.91 +0.06−0.06 2.55 +0.07−0.07
3556013401 59004.99 1922 0.63 ±0.02 1.01 +0.04−0.04 0.77 +0.07−0.06 1.57 +0.06−0.06
3556013501 59008.88 2350 0.68 ±0.02 1.01 +0.04−0.04 0.80 +0.06−0.06 1.68 +0.05−0.05
3556013502 59009.01 1063 0.75 ±0.03 1.02 +0.05−0.05 0.82 +0.09−0.08 1.85 +0.08−0.08
3556013601 59011.20 1812 0.48 ±0.02 1.02 +0.06−0.05 0.67 +0.08−0.07 1.22 +0.06−0.06
3556013701 59014.09 1530 0.85 ±0.03 1.37 +0.08−0.07 0.52 +0.05−0.04 2.21 +0.09−0.09
3556013801 59017.60 4006 0.73 ±0.02 1.07 +0.03−0.03 0.74 +0.04−0.04 1.79 +0.04−0.04
3556013901 59020.42 4011 0.85 ±0.02 1.09 +0.03−0.03 0.76 +0.04−0.04 2.07 +0.05−0.05
3556014001 59023.27 1275 0.59 ±0.03 0.97 +0.05−0.05 0.82 +0.09−0.08 1.49 +0.07−0.07
3556014301 59023.33 1875 0.50 ±0.02 1.03 +0.05−0.05 0.67 +0.07−0.06 1.27 +0.06−0.06
a 0.3−10 keV flux values are unabsorbed and in units of 10−11 erg s−1 cm−2.
4mask-weighted) data for the temporal analysis to max-
imize the signal-to-noise ratio of the light curve. For
spectral analysis, the standard mask-weighted analysis
is performed.
2.2. NICER
NICER is a non-imaging soft X-ray telescope onboard
the International Space Station. It has absolute timing
uncertainty better than 300 ns. After the Swift BAT
detection of the short burst, a series of follow-up ob-
servations was began at 01:38 UTC on 2020 March 13
with NICER. Through 2020 June 23, we have monitored
this source with NICER for a total exposure of ∼ 102
ks. All observations used for the present analysis are
listed in Table 1. The basic data processing was car-
ried out with NICERDAS version 7 in HEAsoft 6.27.2
and NICER calibration database version 20200202. We
created cleaned event files by applying the standard cali-
bration and filtering tool nicerl2 to the unfiltered data.
We performed barycentric correction using barycorr
with the JPL solar system ephemeris DE405 and the
refined source position (Evans et al. 2020).
3. DATA ANALYSIS AND RESULT
3.1. Hard X-ray Burst
We created non-mask-weighted light curves around
the BAT trigger time (Figure 1). No significant emission
above 100 keV is seen by BAT, which confirms the soft
nature of the burst. A clear pulse with a fast rise and
an exponentially decaying tail is observed. We used the
battblocks tool to estimate the T90 duration, which is
defined as the time interval where the integrated pho-
ton counts increase from 5% to 95% of the total counts,
as 10 ± 4 ms (15–350 keV). The burst profile can be
well fit with the QDP1 BURS model (a linear rise fol-
lowed by an exponential decay), where the rising dura-
tion is 4.6 ± 0.4 ms and the e-folding time of the de-
cay is 2.4 ± 0.5 ms. The T90 duration of this burst is
on the short end of typical short bursts of SGRs. We
note that a burst-like feature can be marginally seen at
Tburst − 0.015 s (where Tburst is the time of the peak)
but it is likely an instrumental effect.
We then extracted the BAT spectrum of this burst
from the interval between Tburst−2 ms and Tburst+12 ms
(the T100 duration). Because of the low statistics of the
spectrum, we generated a 16 channel spectrum instead
of the standard 80 channels with batbinevt. We fit the
spectrum with three models, including a blackbody, a
bremsstrahlung, and a power law. The spectral anal-
1 https://heasarc.gsfc.nasa.gov/ftools/others/qdp/qdp.html
Figure 1. The Swift BAT light curves, in 1 ms bins and five
energy bands (15–25, 25–50, 50–100, 100–350, 15–350 keV),
around the time of the first short burst of Swift J1818.
ysis was performed with XSPEC v12.11.0. The best fit
model is a blackbody with statistics of χ2/dof = 5.67/11
where dof denotes the degrees of freedom. The χ2/dof
of the bremsstrahlung and the power-law models are
13.4/11 and 19.9/11, respectively. The temperature
of the blackbody model is 8.4 ± 0.7 keV with a ra-
dius of 2.4 ± 0.5 km. The average 15–150 keV flux is
(6.1± 0.8)× 10−7 erg s−1 cm−2 and the fluence of this
burst is (8.5±1.1)×10−9 erg cm−2. The isotropic equiv-
alent luminosity is ∼ 3.1 × 1039 erg s−1 and for a total
energy of ∼ 4.3 × 1037 erg. The uncertainties in this
paper denote the 68% confidence intervals unless stated
otherwise.
3.2. Spin Period Evolution and Soft X-ray Bursts
We selected NICER events in the energy range of 2–8
keV for timing analysis. The average count rate be-
tween 2020 March 13 and June 23 was ∼ 1.1 counts s−1.
We first found a coherent pulsation with a frequency
of 0.733417(4) Hz (P ≈ 1.36 s) and a single-peaked
5Figure 2. (Left) Evolution of the timing properties of Swift J1818. The upper panel shows the pulse frequency evolution, while
the red lines show the best timing solutions for three segments. The evolution of ν˙ is shown in the middle panel. The phase
residuals are shown in the bottom panel. The blue dashed vertical lines indicate the boundaries of four segments, while the first
two are timing discontinuities. Green dotted lines denote the times of short soft-band X-ray bursts seen with NICER. (Right)
Pulse profile of Swift J1818 in 0.5–2 keV, 2–3 keV, 3–4 keV, 4–5 keV, 5–6 keV, 6–8 keV, and 2–8 keV obtained from all the
NICER observations listed in Table 1. The bottom panel shows the energy dependence of the pulse fraction.
pulse profile in the 2020 March 13 data set (ObsID
3201060101, Enoto et al. 2020). Due to limited visi-
bility, Swift J1818 could not be observed with NICER
from March 15 17. Then NICER performed a series of
monitoring observations with a cadence of roughly one
day until MJD 58948 (2020 April 9). This allowed us to
track the spin period evolution through a phase-coherent
analysis. After MJD 58953 (2020 April 14), we revised
the cadence down to ∼ 2–5 days, resulting in ambigui-
ties of cycle counts during large gaps. Therefore, we did
not perform the phase-coherent analysis afterward.
We used the pulse profile smoothed by the local poly-
nomial regression method (Cleveland & Loader 1996)
as the template to calculate phase shifts and corre-
sponding times of pulse arrival (TOAs) for the phase-
coherent analysis. In each observation, we divided the
time into a few segments such that each contained
1000 photons, and calculated TOAs using the maxi-
mum likelihood analysis method described in Living-
stone et al. (2009). We found that the spin fre-
quency ν and the spin-down rate ν˙ of Swift J1818 is
highly variable. At least two timing anomalies in the
first month of NICER monitoring were observed. The
first one, consistent with a traditional spin-up glitch, oc-
curred at MJD 58928.56 (2020 March 20) with a size of
∆ν = (2.7± 0.1)× 10−6 Hz (∆ν/ν = (3.7± 0.2)× 10−6)
and ∆ν˙ = (5.1±0.5)×10−12 s−2 (∆ν˙/ν˙ = −0.12±0.01).
The second one can be described as an anti-glitch with
∆ν = (−5.28 ± 0.01) × 10−6 Hz (∆ν/ν = (−7.20 ±
0.01) × 10−6) and ∆ν˙ = (4.69 ± 0.05) × 10−11 s−2
(∆ν˙/ν˙ = −0.91 ± 0.01) at MJD 58934.81 (2020 March
26). However, we could not rule out the possibility that
the frequency evolves continuously and dramatically in-
stead of an abrupt jump due to a gap in coverage at
the epoch of the timing anomaly. We divided the ob-
servations before MJD 58948 (2020 April 9) into three
segments according to these two timing discontinuities
and fit TOAs with second-order or third-order polyno-
mials individually. The timing solutions for individual
segments are summarized in Table 2.
To obtain the evolution of ν and ν˙, we used the tech-
nique described in Dib & Kaspi (2014) by choosing a
window that contains 8–15 consecutive TOAs and fit-
ting their phases with a second-order polynomial. Sim-
ilar to the moving average technique, we moved the
window with a step adaptively equal to a separation
of 2–4 consecutive TOAs over the entire segments. For
data beyond MJD 58948 (2020 April 9), which is noted
as segment 4, we did not perform phase-coherent anal-
ysis spanning the entire segment due to the ambigu-
ity of cycle counts in a few large gaps. The result is
shown in Figure 2. Since the onset of the outburst, the
source shows a high level of timing noise, in which ν˙
significantly changes on a timescale of a few days. We
derived a long-term ν˙ = (−2.48 ± 0.03) × 10−11 s−2
(P˙ = (4.61 ± 0.06) × 10−11 s s−1) by fitting the spin
frequency evolution over the entire time span with a
first-order polynomial function. This results in a char-
acteristic age of τc = 470 yr by assuming a braking index
of 3 and rapid spin at birth. The surface equatorial mag-
netic field can be inferred as B = 2.5× 1014 G and the
Lsd is estimated as 7.2×1035 erg s−1. However, the dra-
6Table 2. Spin parameters of Swift J1818. We also derive the physical quantities of characteritic age
(τc), dipolar magnetic field (B), and the spin-down luminosity (Lsd) based on the long-term average ν
and ν˙.
Parameter Segment 1 Segment 2 Segment 3 Segment 4 Long-Term
MJD Start 58921.07 58928.81 58935.83 58953.86 58921.07
MJD End 58928.45 58933.84 58947.35 59023.32 59023.32
T0 (MJD) 58922.31 58930.751766 58940.301565 58987.72 58972.10
ν (Hz) 0.7334109(1) 0.73338323(5) 0.73335840(1) 0.7332600(1) 0.7332929(1)
ν˙ (10−12 s−2) −43.2(6) −37.3(7) −8.88(5) −22.8(1) −24.8(3)
ν¨ (10−18 s−3) · · · −38(9) −8.9(6) · · · · · ·
rms residual (phase) 0.015 0.018 0.012 · · · · · ·
τc (yr) 270 310 1300 510 470
B (1014 G) 3.4 3.1 1.5 2.4 2.5
Lsd (10
35 erg s−1) 13 11 2.6 6.6 7.2
matic changes in the timing behavior make it difficult
to conclusively characterize the long-term timing prop-
erties at the current stage. If we consider the timing
solution in individual epochs, the derived τc could be in
a wide range of 270–1300 yr, and Lsd could be in the
range of (2.6–13)× 1035 erg s−1.
To see whether the pulse profile is energy-dependent,
we created energy-resolved pulse profiles in six bands:
0.5–2, 2–3, 3–4, 4–5, 5–6, and 6–8 keV (see the right
panel of Figure 2). The pulsation cannot be seen be-
low 2 keV due to heavy interstellar absorption. The
2–8 keV folded light curve shows a broad asymmetric
peak. No significant energy dependence of the pulse
shape is seen across 2–8 keV. We calculated the rms
pulse fraction (PF, see definition in Dib et al. 2009; An
et al. 2015) in these energy bands and found that the
PF increases with energy. The background estimated
from nibackgen3C502 is subtracted from the pulse pro-
file. To test whether the pulse profile changes following
glitches, we created time-resolved pulse profiles. We di-
vided the X-ray observations into thirteen time bins to
ensure each one has effective exposure time & 5000 s:
MJD 58920–58928, 58929–58932, 58932–58935, 58935–
58938, 58938–58941, 58942–58948, 58953–58960, 58962–
58969, 58971–58974, 58987–58994, 58998–59005, 59008–
59015, and 59017–59024. We did not observe any sig-
nificant changes in the shape of the pulse profile accom-
panying either timing discontinuity. The PF increased
from 0.34(1) to ∼ 0.43 in the first ∼ 15 days from the
onset of the outburst and fluctuated around 0.43 except
for an extreme value during MJD 59008–59015 (see Fig-
2 https://heasarc.gsfc.nasa.gov/docs/nicer/tools/nicer bkg est tools.html
ure 3). We found that the background level estimated
with nibackgen3C50 is extremely high on MJD 59014.
This could result in an over-estimate of the PF if the
background in this observation is not accurately esti-
mated.
In addition to tracking the evolution of the timing
behavior and the variability of the pulse profile, we
searched for SGR-like X-ray bursts. We created light
curves with a bin size of 1/256 s. For each time bin,
we calculated the mean count rate in the surrounding
20 seconds. The probability of the photon distribution
in each time bin can be evaluated with the Poisson dis-
tribution. During the NICER campaign, we identified
21 bursts with a detection significance higher than 5σ.
We also emplyed other time bin sizes to reconfirm the
detection of bursts. Their occurrence times are indi-
cated in Figure 2. Four of them are clustered near the
first glitch and three of them are near MJD 58972. The
candidate anti-glitch likely occurred during the observa-
tional gap that prevented us from probing the associa-
tion between radiative events and the anti-glitch. We
noticed that the light curve observed in the last GTI of
MJD 58944 (ObsID 3556011701) exhibited many burst-
like structures with a timescale much longer than that of
regular bursts and accompanied an enhancement of the
baseline level with a duration of ∼ 300 s. After carefully
examining the photon distribution in different detectors
and the timing/spectral behavior during this period we
suggest it was caused by a particle flaring episode, and
was not intrinsic to Swift J1818.
3.3. Spectral Analysis
To monitor the long-term spectral evolution of
Swift J1818 with NICER we extracted X-ray spectra
from the burst-free times using XSELECT. We grouped
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Figure 3. (left) NICER spectra obtained from the first (black) and the last (red) observations together with the best fit
absorbed blackbody models. The dates of the observations are indicated. Lower panels show the residuals from the blackbody
models. (right) Spectral evolution of Swift J1818; from upper to lower, panels show the evolution of the unabsorbed flux,
temperature, apparent emitting radius, and the pulse fraction in 2–8 keV. Vertical green dashed lines show the burst times,
while the vertical blue dashed lines show the times of the timing anomalies. The red solid curve shows the best-fit double
exponential decay trend. Unabsorbed flux values are calculated for the 0.3−10 keV band.
each spectrum to have 50 counts per channel using
grppha and used XSPEC version 12.10.0c (Arnaud 1996)
to fit the spectra. We created background files for each
observation using the nibackgen3C50 tool. We used
the response and ancillary response files currently in the
NICER calibration database. Note that we removed the
data from Focal Plane Modules 14 and 34 and used an
adjusted ancillary response file accordingly.
The very large column density along the line of sight
to Swift J1818 causes background counts to dominate
below 2 keV. Also, above 7 keV the signal-to-noise ratio
of the source decreases significantly, therefore we only
perform our fits in the 2−7 keV band. We modeled
the X-ray spectra with an absorbed blackbody model.
To determine the amount of Hydrogen column density
(NH), we used the tbabs model with ISM abundances
(Wilms et al. 2000).
To model the spectral evolution, we allowed all the
parameters of the models of individual data sets to be
free except for the NH which was kept linked. Such
a fit results in a χ2 = 2527.72 for 2452 dof. The re-
sulting hydrogen column density is found to be (11.2±
0.2) × 1022 cm−2, much higher than that predicted
from the dispersion measure (DM) of ∼ 2 × 1022 cm−2
if we adopt a linear relationship of NH (10
20 cm−2)=
0.30+0.13−0.09 DM (pc cm
−3) (He et al. 2013; Karuppusamy
et al. 2020). This is consistent with other sources near
the Galactic center and suggests that a significant part
of X-ray absorption could be contributed by molecular
clouds rather than neutral hydrogen atoms (Baumgart-
ner & Mushotzky 2006; Willingale et al. 2013). We show
the best fit models together with the first and the last
X-ray spectra in Figure 3 and the best-fit parameters in
Table 1. We further show the evolution of the inferred
spectral parameters in Figure 3. The flux decayed to
roughly half of the initial value. The temperature, how-
ever, does not show a clear variability and seems to agree
within the statistical uncertainties of the individual mea-
surements. We tested linking this parameter through-
out all the observations. Such a fit yield an average
kT=1.05 ± 0.01 and a χ2 = 2619.63 for 2497 dof. The
apparent radius shows a decrease of ∼ 60% regardless of
whether the temperature is linked or not.
The quiescent emission from Swift J1818 is not
detectable in archival X-ray observations. We
used the deepest XMM-Newton observation (ObsID:
0800910101) to estimate the bolometric 3σ upper limit
of the quiescent luminosity as 7×1032–1.7×1034 erg s−1.
This range contains the uncertainty in the distance of
4.8–8.1 kpc, and the possible blackbody temperature
range of kT = 0.3–0.5 keV. Using this value, we can
derive a limit to the luminosity increase as a factor of
>10. Note that the spectral evolution shown in Figure 3
indicates that the surface temperature of the source did
not change significantly. The flux decay is dominated
by the decrease in the apparent emitting radius, which
decreases by about 30%. This finding supports a sce-
nario where the outburst decay is caused by a shrinking
hotspot due to the untwisting of magnetic field loops
(Beloborodov 2013).
4. DISCUSSION
In this paper, we report the analysis of the Swift BAT-
detected magnetar-like burst, which led to the discov-
8ery of Swift J1818, and our subsequent early NICER
monitoring campaign. NICER’s flexibility and ease of
scheduling allowed for a high observing cadence on the
source throughout the first ∼100 d since the discovery,
starting just a few hours after the BAT detection.
The ∼10 ms duration of the hard X-ray burst, while
on the very short end of typical magnetar bursts, is
not unprecedented (e.g., 4U 0142+61, Collazzi et al.
2015; PSR J1119−6127, Go¨g˘u¨s¸ et al. 2016). Moreover,
the burst thermal nature, the temperature we derive,
kT ≈ 8 keV, and the area size, R ≈ 2.5 km, are within
the range of the spectral characteristics of the majority
of magnetar-like short bursts and follow the expectation
of emission from a trapped fireball near the surface of a
magnetar. Hence, the bursting behavior of Swift J1818
places it well within the magnetar family. The 21 short
bursts detected with NICER are commensurate in du-
ration with the BAT-detected burst.
4.1. Post-Outburst Timing Evolution
The post-outburst timing behavior is largely erratic,
consistent with the large torque variations observed from
magnetars and high-B RPPs during outburst epochs
(Dib et al. 2009; Archibald et al. 2016, 2017). Dur-
ing the first two weeks of our monitoring campaign,
the source showed a large spin-up glitch and a likely
spin-down glitch. No gradual recovery is observed as
shown in regular RPPs (Espinoza et al. 2011) and even
radiatively-silent glitches in magnetars (Dib & Kaspi
2014). The sizes of these two glitches are extremely
large even compared with those in other magnetars (Dib
& Kaspi 2014). This implies a substantial change in the
kinetic energy that could be released in the form of elec-
tromagnetic waves. However, similar to 70% of glitches
in magnetars, we did not see any radiative change ac-
companying the spin-up glitch of Swift J1818 except for
possible clustering of short bursts (Janssen & Stappers
2006; Dib & Kaspi 2014; Kaspi et al. 2014). The lack
of radiative variability may imply a recovery that is dic-
tated by processes internal to the NS. The more erratic
changes observed during magnetar outbursts, including
the one we observe for Swift J1818, may point to varia-
tions dominated by external processes, likely close to the
light cylinder where particle outflow could exert large
torques on the star. This requires a coupling between
the inner-crust, where the glitch occurs, and the exter-
nal dipolar field lines. This condition may be achieved
in high-B sources (Harding et al. 1999; Thompson et al.
2000).
The spin-down glitches are rarely seen in magnetars
and never observed in regular pulsars. The first con-
firmed anti-glitch was observed in 1E 2259+586 with a
size of ∆ν = −4.5×10−8 Hz and ∆ν˙ = −2.7×10−14 s−2,
occurring at the onset of a radiative outburst (Archibald
et al. 2013). Similar behavior has been observed in
SGR 1900+14 during a burst active epoch although a
gradual slow down remained a possible explanation due
to a ∼ 80-day gap (Woods et al. 1999). For Swift J1818,
we do not detect any additional enhancement in the per-
sistent emission coincident with the epoch of the anti-
glitch. Recently, 1E 2259+586 has shown a radiatively-
quiet anti-glitch with a sudden spin-down amplitude
δnu = −8.1 × 10−8 Hz (Younes et al. 2020a). However,
unlike 1E 2259+586, the anti-glitch in Swift J1818 was
very close to the start of a major outburst. A radia-
tive change may have occurred with this anti-glitch but
was insufficient to present itself above the high persis-
tent flux during the outburst. The mechanism for radia-
tively silent anti-glitches remains unclear. It is possibly
originated from the magnetosphere, but the particle ac-
celeration is too weak to trigger radiative events under
extra loading of plasma (Harding et al. 1999). An al-
ternative explanation is that the anti-glitch is caused by
the coupling of a superfluid component with a rotation
frequency lower than the rest of the NS. It is difficult to
interpret why the detached superfluid component spins
down much faster than the rest of the NS before the
anti-glitch.
It remains possible that the entire temporal evolu-
tion is caused by a series of rapid and non-instantaneous
torque variability similar to the post-outburst behavior
in SGR 1806−20 and 1E 1048−5937 (Woods et al. 2007;
Dib et al. 2009; Dib & Kaspi 2014). Right after the gi-
ant flare on 2004, the ν˙ of SGR 1806−20 changed rapidly
between ∼ −2×10−12 s−2 and ∼ −1.5×10−11 s−2. Sim-
ilarly, after the onset of the outburst in 2009, the ν˙ of
1E 1048−5937 oscillated between ∼ −2×10−13 s−2 and
∼ −2.8× 10−12 s−2 for ∼ 500 days. The post-outburst
ν˙ of Swift J1818 varied between ∼ −4× 10−12 s−2 and
∼ −6×10−11 s−2, which has a similar relative amplitude
compared to that of SGR1806−20 and 1E 1048−5937
with a much larger size. This suggests that Swift J1818
is one of the noisiest sources among magnetars and high-
B RPPs.
4.2. Flux Decay and Spectral Evolution
The post-outburst spectral evolution shows that al-
though the observed trend in the unabsorbed flux is not
completely monotonic, it decreases by about 55% in 102
days, from 3.79 to 1.27 ×10−11 erg s−1 cm−2. Using the
spectral parameters we also calculated the 0.3−10.0 keV
thermal luminosity of Swift J1818. We fit the decaying
trend in the flux with both the plateau-decay model (see
9equation 12 in Enoto et al. 2017) and the double expo-
nential model (see equation 1 in Coti Zelati et al. 2018).
Since NICER is a non-imaging instrument, uncertain-
ties in the estimated background spectrum may have
significant effects, especially at low flux levels. We no-
ticed a ∼ 4% systematic uncertainty by analyzing sev-
eral background fields observed in 2020. Additionally,
Esposito et al. (2020) reported the detection of a dust
scattering halo that contributes 2% of the source flux.
To take both effects into account, we introduce a 5%
systematic uncertainty in our fits. With these consider-
ations, these models provide broadly acceptable fits to
data. Note that simpler models, including an exponen-
tial or a power-law decay, result in substantially worse
fits.
The plateau-decay model assumes that the luminos-
ity first shows a plateau-like slow decay phase which
is then followed by a power-law like decay after a cer-
tain timescale. It is characterized by the luminosity
at the onset of the outburst, L0, the timescale of the
plateau, τ0 and the power-law index, p (see equation 12
in Enoto et al. 2017). We obtained a χ2=166 with 43
dof for the plateau-decay model. The best fit parame-
ters and their 1σ uncertainties are L0=(1.92 ± 0.06) ×
1035 erg s−1, τ0=23+11−7 days, and p=0.51±0.08. Be-
fore this study, only SGR 0501+4516, SGR 0418+5729,
and Swift J1822−1606 have detectable τ0 of 15.9, 42.9
and 11.2 days, respectively (Enoto et al. 2017). These
τ0 measurements are similar to the value we get for
Swift J1818. However, for all of these sources, the
slopes of the decay are significantly larger than what
we infer, indicating a much faster decline for the other
sources compared to Swift J1818. Similarly, the de-
creasing trend in the luminosity can also be mod-
eled by a double exponential decay function following
equation 1 in Coti Zelati et al. (2018). We found
the normalization constants of individual components
best match the data for A=1.51+0.06−0.08×1035 erg s−1 and
B=0.49±0.09×1035 erg s−1. The e-folding times are
τ1=157±13 days and τ2=9±2 days. The fit results in
a χ2=161 with 42 dof. This model shows that the lu-
minosity decrease has two components: one showing a
rapid decay and another long term decay trend. The
best fit values for the e-folding times are in agreement
with similar results from Coti Zelati et al. (2018), espe-
cially the values found for SGR 0501+4516.
Note that especially at the late stages of the decay,
the persistent flux of the source shows significant fluc-
tuations. The fact that at least in some of these obser-
vations we also detect short bursts may imply that low-
level activity is quasi-continuous during the outburst de-
cay, which could be affecting the apparent persistent flux
level.
The broadband PF of the pulse profile of Swift J1818
is & 0.4. Such a single-peaked pulse profile with a
high PF may be difficult to produce with two antipo-
dal hotspots of equal brightness (DeDeo et al. 2001; Hu
et al. 2019). Therefore, we suggest that the emission is
dominated by a distorted hotspot on the surface of the
NS. Emission from hot spots can be highly distorted,
with anisotropy governed by the local B field direction
when the B field is extremely high. The increase of the
PF throughout our observing campaign reinforces the
above idea that the outburst evolution is governed by
the shrinking of a hotspot on the surface of the mag-
netar (Rea et al. 2013; Coti Zelati et al. 2015; Mong &
Ng 2018). Moreover, the hotspot could consist of two
components with different temperatures. The boundary
between the components could be much blurred instead
of a sharp discontinuity (DeDeo et al. 2001). These two
components may have different shrinking timescales that
result in the two timescales of the observed flux decay
trend.
A hard power-law spectral component above ∼10 keV
has been reported from some of the persistently bright
magnetars and from the early phases of transient out-
bursts, where the emission is thought to be radiated
from the magnetosphere (see, e.g., Younes et al. 2017b;
Archibald et al. 2020). Using the reported correla-
tion between the soft and hard X-ray luminosity of
known magnetars (equation 4 of Enoto et al. 2017)
with the unabsorbed X-ray flux of Swift J1818, ∼ 3 ×
10−11 erg s cm−2 observed in the soft band, we would
expect the hard power-law flux at ∼ 2×10−11 erg s cm−2
in the 15–60 keV band with a flat photon index of ∼ 0.8
(equation 7 of Enoto et al. 2017). However, we did not
find any evidence for such a hard power-law component
in the soft NICER spectrum. This is consistent with
no detection above 15 keV with NuSTAR and INTE-
GRAL although a hard power-law component can be
marginally seen below ∼20 keV (Borghese et al. 2020;
Esposito et al. 2020). This is in contrast to the promi-
nent hard X-ray radiation in the 2009 outburst from
a similar fast spinning and radio-emitting magnetar,
1E 1547.0−5408 (Enoto et al. 2010).
4.3. Nature of Swift J1818
Swift J1818 is a transient source showing timing prop-
erties between canonical magnetars and high-B RPPs.
Observations of low B-field magnetars and magnetar-
like activity in high-B RPPs hinted that magnetars
could represent the high B field tail of a single distri-
bution (Kaspi & McLaughlin 2005; Ho 2013). It has
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Figure 4. (a) The quiescent thermal luminosity observed in the soft X-ray band versus the age of magnetars, high-B RPPs,
RPPs, and Swift J1818. The data points are mainly taken from Shternin et al. (2011), Ng et al. (2012), and Vigano` et al. (2013)
with a few updates listed in Hu et al. (2017) and Enoto et al. (2019). We use the age estimated from the supernova remnants if
available, otherwise, we use the characteristic age. For theoretical cooling curves for a 1.4 M NS with zero magnetic field and
a Fe envelope, zero magnetic field and an H envelope, strong magnetic field and a Fe envelope, and strong magnetic field and
an H envelope are adopted from Vigano` et al. (2013). The range of the upper limit for the quiescent luminosity of Swift J1818
is labeled with a thick vertical bar, while the outburst luminosity is also plotted for reference. Two high B RPPs that show
magnetar-like behaviors are marked by red circles. (b) LX versus Lsd for the aforementioned three types of pulsars. Black solid
line denotes LX = Lsd. The quiescent luminosity and outburst luminosity of transient magnetars and two high B-field RPPs
are connected with solid lines.
been suggested that magnetars have a high quiescent
soft thermal luminosity that is powered by the dissipa-
tion of the strong magnetic field (Thompson & Duncan
1995). The magneto-thermal evolution model suggests
that the key component is the toroidal magnetic field in
the crust (Pons et al. 2009; Perna & Pons 2011; Vigano`
et al. 2013). This toroidal field cannot be inferred from
the spin down. We plot the thermal luminosity of mag-
netars, high-B RPPs, and several X-ray RPPs in Figure
4 (a). Several theoretical models with different mag-
netic field strengths and atmosphere composition are
also plotted. Most magnetars have quiescent soft ther-
mal luminosity above ∼ 1034 erg s−1 except for tran-
sient radio magnetars. Canonical RPPs usually have
luminosity lower than 1033 erg s−1 and several young
high-B RPPs are in between the RPPs and magnetars.
We overlay the estimated upper limit of the quiescent
thermal luminosity of Swift J1818 in Figure 4 (a). The
luminosity of Swift J1818 during the outburst, which
is roughly the same as several bright persistent magne-
tars, e.g., 4U 0142+61 and 1RXS J170849.0−400910, is
also plotted for reference. The upper limit of the qui-
escent luminosity of Swift J1818, although the uncer-
tainty is large, occupies a similar region as the young
high-B RPPs J1846−0258 and J1119−6127, classifying
Swift J1818 in the same category. Moreover, the current
estimate of ν and ν˙ may be affected by the glitch and the
heavy timing noise similar to several young magnetars.
The torque may be larger than the nominal value by & 1
order of magnitude at this early stage in the outburst.
In several other magnetars, the torque decreases to the
quiescent level on a timescale of a few months to ten
years (Camilo et al. 2016; Younes et al. 2017a; Archibald
et al. 2020). Future long-term monitoring of the timing
behavior of Swift J1818 is necessary. If we adopted the
ν˙ measurement from segment 3, the characteristic age
of Swift J1818 could be as high as & 1000 yr. This
value is much older than that derived from the first two
segments and comparable to that of PSR J1846−0258.
The detection of radio emission and the correspond-
ing spectral index of Swift J1818 provides another hint
that Swift J1818 can exhibit features of a regular RPP
instead of a canonical magnetar (Karuppusamy et al.
2020; Esposito et al. 2020; Majid et al. 2020). Histori-
cally, magnetars are considered radio-silent NSs, where
their LX are higher than their Lsd. The discovery of
radio-emitting magnetars was a milestone that links the
magnetars and RPPs. Their LX drop to lower than their
Lsd in quiescence. The high-B RPPs J1846−0258 and
J1119−6127 are two important samples to bridge radio-
emitting magnetars and RPPs. They show magnetar
bursts and X-ray outbursts, but the peak LX remains
lower than their Lsd. We plotted the LX versus the Lsd
in Figure 4 (b) of all magnetars and RPPs together with
the luminosity range of Swift J1818 from expected qui-
escence to the outburst peak. The Lsd of Swift J1818
is highest among the canonical magnetars and slightly
lower than that of PSR J1119−6127. Similar to high-B
11
RPPs, the peak LX of Swift J1818 remains lower than its
Lsd. Moreover, radio-emitting magnetars show intermit-
tent radio emission. On the contrary, the radio emission
of PSR J1119−6127 shut off during the early stages of
its outburst onset (Majid et al. 2017). Swift J1818 shows
signs of both magnetar and radio pulsar populations
and provides a crucial link between the two populations.
Continued radio and X-ray monitoring of Swift J1818 is
critical to better understand the nature of this source.
5. SUMMARY
In this paper, we report the hard X-ray properties of
the Swift J1818 burst seen by Swift BAT, and the soft X-
ray temporal/spectral evolution with NICER. The pro-
file and the spectral properties of the hard X-ray burst
are in line with those from other magnetars. The sub-
sequent NICER monitoring suggests a long-term spin-
down rate of ν˙ = −2.74×10−11 s−2 that implies an equa-
torial B = 2.7 × 1014 G. The Lsd = 7.9 × 1035 erg s−1
is between that of typical magnetars and high-B RPPs.
Moreover, we observed a glitch and a candidate anti-
glitch during the NICER monitoring. These two glitches
have the largest size among glitches in magnetars but
we do not observe significant radiative events associated
with them. From spectral analysis, we suggest that per-
sistent X-rays from Swift J1818 are dominated by ther-
mal emission of a hotspot on the surface. The increase
of the PF and the two-stage flux decay can be inter-
preted as the shrinking of the hotspot size, which has
two components with different shrinking timescales. Fi-
nally, we suggest that Swift J1818 is an important link
that bridges magnetars and high-B RPPs, based on its
timing properties and low X-ray luminosity.
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